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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to animage processing apparatus, an image processing method, and a program.
Specifically, for example, the present disclosure relates to an image processing apparatus, an image processing method,
and a program for executing processing of calculating a subject distance from an image captured with a camera attached
on a vehicle.

BACKGROUND ART

[0002] If a situation in a vehicle traveling direction such as a situation right in front of, on the side surface of, and in
the rear of the vehicle cannot be visually recognized directly from a driver seat, the vehicle may have a risk of hitting an
obstacle hidden in the traveling direction. A system for avoiding such a risk includes a camera system in which a camera
is mounted on the front or rear part or side surface of a vehicle and a camera captured image is displayed on a monitor
of the driver seat.

[0003] A problem in such a camera system includes an attachment error that occurs at the time of attaching a camera
to a vehicle. The attachment error generates a deviation between an actual captured area of the camera and an original
correct captured area in accordance with the attachment error.

[0004] An auxiliary line such as an indication line and a course prediction line may be superimposed and displayed
on the monitor seen by a driver in a driver seat together with the camera captured image. A deviation of a captured area
due to the camera attachment error causes the indication line and the course prediction line in the camera captured
image to be displayed at a position deviated from the actual position.

[0005] Furthermore, in recent years, in-vehicle cameras have been used not only for a driver to perform monitoring
with a monitor but for a vehicle system to detect an obstacle and a pedestrian. The vehicle system detects an obstacle
and a pedestrian on the basis of a camera captured image, estimates a distance, and transmits the result to a unit on
the side of the vehicle. The vehicle side performs controls of, for example, giving a warning notification to a driver and
operating an automatic brake on the basis of the result.

[0006] In a case where such processing of a vehicle system, that is, a warning notification to a driver or the operation
of an automatic brake is executed, accuracy of measuring the distance to an object is important.

[0007] The distance measurement value is influenced by a deviation of a camera attachment angle and a deviation
of a posture of a vehicle from a design value. If a camera is not attached in accordance with a predetermined design
without an error, a problem that an accurate distance cannot be measured occurs.

[0008] For example, a method using a captured image of a calibration chart is known as a method of detecting a
camera attachment error.

[0009] In the method, a calibration chart is captured with a camera attached on a vehicle. A deviation between the
captured image and an ideal image captured with a camera attached without an error is calculated. An attachment
position and an angle of the camera are adjusted so as to reduce the deviation.

[0010] Alternatively, another method of detecting a camera attachment error has also been known. In the method,
parallel lines and a chart going straight drawn on a road surface are captured with a camera, attached on a vehicle,
facing a diagonally downward direction. Overhead conversion of converting the captured image into an image captured
from directly above is performed. The states of the parallel lines and the chart going straight in the overhead conversion
image are analyzed. Then, a camera attachment error is detected.

[0011] Note that, for example, Patent Document 1 (Patent No. 5173551) and Patent Document 2 (Patent No. 5923422)
disclose these methods of correcting a camera attachment error as conventional techniques.

CITATION LIST
PATENT DOCUMENT
[0012]

Patent Document 1: Patent No. 5173551
Patent Document 2: Patent No. 5923422
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SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0013] The above-described conventional techniques need preliminary preparation of a calibration chart in order to
detect a camera attachment error. Furthermore, in a case where an attachment error is determined from parallel lines
and the parallelism and straight performance of a grid in a captured image by using an overhead conversion image,
preliminary preparation of an image conversion map for overhead conversion in accordance with the camera attachment
state of a vehicle is necessary.

[0014] As described above, conventional methods of correcting a camera attachment error have a problem that pre-
liminarily prepared data for correction, such as a calibration chart and an image conversion map, is necessary.

[0015] An object of the present disclosure is to provide an image processing apparatus, an image processing method,
and a program capable of accurately calculating a subject distance without using such preliminarily prepared data even
if there is a camera attachment error.

SOLUTIONS TO PROBLEMS
[0016] A first aspect of the present disclosure is in an image processing apparatus including:

a corrected image generation unit that performs distortion correction by inputting an image captured with a camera
having a wide-angle lens and generates a corrected image;

a vertical object inclination calculation unit that calculates an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit that calculates a deviation angle of a camera depression angle
of the camera on the basis of the inclination of the vertical object;

an object distance calculation image generation unit that generates an object distance calculation image in consid-
eration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit that calculates a distance of an object included in the image captured with the
camera with reference to the object distance calculation image.

[0017] Moreover, a second aspect of the present disclosure is in an image processing method executed in an image
processing apparatus, including the steps of:

a corrected image generation unit performing distortion correction by inputting an image captured with a camera
having a wide-angle lens and generating a corrected image;

a vertical object inclination calculation unit calculating an inclination of a vertical object in a real world in the corrected
image;

a camera depression angle deviation calculation unit calculating a deviation angle of a camera depression angle of
the camera on the basis of the inclination of the vertical object;

an object distance calculation image generation unit generating an object distance calculation image in consideration
of a camera depression angle deviation angle of the camera; and

an object distance calculation unit calculating a distance of an object included in the image captured with the camera
with reference to the object distance calculation image.

[0018] Moreover, a third aspect of the present disclosure is in a program causing image processing to be executed
in an image processing apparatus, the program causing:

a corrected image generation unit to perform distortion correction by inputting an image captured with a camera
having a wide-angle lens and generate a corrected image;

a vertical object inclination calculation unit to calculate an inclination of a vertical object in a real world in the corrected
image;

a camera depression angle deviation calculation unit to calculate a deviation angle of a camera depression angle
of the camera on the basis of the inclination of the vertical object;

an objectdistance calculation image generation unitto generate an object distance calculation image in consideration
of a camera depression angle deviation angle of the camera; and

an object distance calculation unit to calculate a distance of an objectincluded in the image captured with the camera
with reference to the object distance calculation image.
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[0019] Note that the program of the present disclosure can be provided by a storage medium or a communication
medium that provides various program codes in a computer readable format to an information processing apparatus
and a computer system capable of executing the various program codes, for example. Processing in accordance with
a program is performed in an information processing apparatus and a computer system by providing such a program in
a computer-readable format.

[0020] Otherobjects, features, and advantages of the present disclosure will be apparent from more detailed description
based on the later-described embodiment of the present disclosure and the accompanying drawings. Note that a system
in the specification has configuration of a logical set of a plurality of apparatuses. The system is not limited to a system
in which apparatuses having each configuration are placed in the same housing.

EFFECTS OF THE INVENTION

[0021] According to the configuration of one embodiment of the present disclosure, an accurate subject distance can
be calculated on the basis of a camera captured image even in a case where a camera attachment angle is deviated.
[0022] Specifically, forexample, animage captured with a camera having awide-angle lensisinput to perform distortion
correction and generate a corrected image. Moreover, the inclination of a vertical object in the real world in the corrected
image is calculated. The deviation angle of the camera depression angle of the camera is calculated on the basis of the
inclination of the vertical object. An object distance calculation image is generated in consideration of the camera de-
pression angle deviation angle. The distance of an object included in the camera captured image is calculated from the
object distance calculation image. In a case where the camera depression angle deviation angle is not equal to or less
than a prespecified threshold, the object distance calculation image is generated by using overhead image generation
mapping data in consideration of the camera depression angle deviation.

[0023] The configurations allow calculation of an accurate subject distance based on a camera captured image even
in a case where the camera attachment angle is deviated.

[0024] Note that the effects described in the specification are merely illustration and not limitation, and additional
effects may be exhibited.

BRIEF DESCRIPTION OF DRAWINGS
[0025]

Fig. 1 illustrates a configuration example of a vehicle mounted with an image processing apparatus of the present
disclosure.

Fig. 2 illustrates a capturing environment example for describing distortion of an image captured with a wide-angle
lens.

Fig. 3 illustrates a corrected image generated by correcting the image captured with a wide-angle lens and the
correspondence relation between pixel positions in images.

Fig. 4 illustrates a corrected image of an image captured with a normally attached camera and a corrected image
of an image captured with a camera with a deviated attachment angle.

Fig. 5 illustrates processing executed by the image processing apparatus of the present disclosure.

Fig. 6 illustrates the processing executed by the image processing apparatus of the present disclosure.

Fig. 7 illustrates an example of processing of calculating an object distance by using an image captured with a
camera with a normal camera depression angle ().

Fig. 8 illustrates an example of calculating an erroneous object distance by using an image captured with a camera
attached with a camera depression angle deviation (A9).

Fig. 9 illustrates an example of calculating an accurate object distance by using an image captured with a camera
attached with the camera depression angle deviation (A6).

Fig. 10 illustrates a configuration example of the image processing apparatus of the present disclosure.

Fig. 11 is a flowchart illustrating a processing sequence executed by the image processing apparatus of the present
disclosure.

Fig. 12 illustrates a hardware configuration example of the image processing apparatus.

MODE FOR CARRYING OUT THE INVENTION

[0026] Details ofanimage processing apparatus, animage processing method, and a program of the presentdisclosure
will be described below with reference to the drawings. Note that the description will be given in accordance with the
following items.
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1. Outline of Conversion Processing of Camera Captured Image
2. Processing Executed by Image Processing Apparatus of Present Disclosure

2-(1) Processing of Calculating Deviation Angle (A8) of Camera Depression Angle

2-(2) Processing of Calculating Subject Distance (Object Distance) in Consideration of Deviation Angle (A8) of
Camera Depression Angle

2-(2)-(A) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with
Normal Camera Depression Angle (6)

2-(2)-(B1) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with
Camera Depression Angle (6 + AB) with Attachment Error (Example of Inaccurate Distance Calculation)
2-(2)-(B2) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with
Camera Depression Angle (6 + AB) with Attachment Error (Example of Accurate Distance Calculation)

3. Configuration of Image Processing Apparatus of Present Disclosure and Image Processing Sequence
4. Hardware Configuration Example of Image Processing Apparatus of Present Disclosure
5. Summary of Configuration of Present Disclosure

[1. Outline of Conversion Processing of Camera Captured Image]

[0027] First, conversion processing of a camera captured image will be outlined with reference to Fig. 1 and the
subsequent figures.

[0028] Fig. 1 illustrates a vehicle 10 mounted with an image processing apparatus of the present disclosure. A camera
11 is mounted on the vehicle 10.

[0029] The camera 11 captures an image of the rear of the vehicle 10.

[0030] The camera 11isawide-angle lens cameraincluding a wide-angle lens such as a fisheye lens, and can capture
an image of a wide area behind the vehicle.

[0031] In the example in the figure, the camera 11 captures an image a vertical pole 30 or a person 40 on a road
surface 20 behind the vehicle 10. The captured image is input to the image processing apparatus in the vehicle 10.
Image correction processing is executed in the image processing apparatus. A corrected image similar to an image as
seen with naked eyes is displayed on a monitor in a driver seat.

[0032] Furthermore, the image processing apparatus calculates the distance (object distance) from the vehicle 10 to
the vertical pole 30 or the person 40 on the basis of the captured image. For example, in a case where the object distance
comes to be equal to or less than a prespecified threshold, a warning notification is given to a driver.

[0033] As illustrated in the figure, since the camera 11 covers the vicinity of the rear of the vehicle 10 as an image
capturing range, a camera optical axis is directed slightly downward.

[0034] Not animage in the camera-optical-axis direction, that is, the image capturing direction of the camera 11 just
as it is but an image obtained by converting an image captured with the camera 11 into an image in a direction of the
rear of the vehicle parallel to the road surface 20 is displayed on the monitor of the driver seat. The viewpoint direction
of a monitor display image is defined as a virtual viewpoint direction.

[0035] Assuming that the virtual viewpoint direction is defined as the direction of the rear of the vehicle parallel to the
road surface 20, an angle formed by the virtual viewpoint direction and the camera optical axis corresponds to a camera
depression angle, which indicates the inclination of the camera.

[0036] Note that, as described above, the camera 11 is a wide-angle lens camera including a wide-angle lens such
as a fisheye lens, and can capture an image of a wide area behind the vehicle.

[0037] Note, however, that an image captured with a wide-angle lens has distortion.

[0038] A specific example of the distortion will be described with reference to Fig. 2 and the subsequent figures.
[0039] As illustrated in Fig. 2, the camera 11 captures an image of a state in which a large number of vertical poles
30 stand behind the vehicle 10 on a road surface with grid lines. The vertical poles 30 are similar to the vertical pole 30
in Fig. 1, and vertically stand on the road surface 20.

[0040] The camera 11 including a wide-angle lens captures an image of the rear of the vehicle 10, in which the large
number of vertical poles 30 stand.

[0041] Fig. 3(1)is a captured image. As illustrated in Fig. 3(1), the grid pattern of a road surface in the captured image
has curved distortion. Furthermore, a vertical pole 30 appears to be inclined as the vertical pole 30 approaches the
periphery of the image.

[0042] The distortion is caused by capturing an image with a wide-angle lens.

[0043] Fig. 3(2) is a corrected image generated by performing distortion correction and viewpoint conversion on the
image of Fig. 3(1).

[0044] Inthe example, the corrected image is illustrated. The corrected image is obtained by performing the distortion
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correction and the viewpoint conversion. The distortion correction is performed so that the vertical poles 30 stand
vertically. The viewpoint conversion is performed so that the viewpoint direction corresponds to the direction parallel to
the road surface, that is, the virtual viewpoint direction in Fig. 1. The corrected image is displayed on the monitor in the
driver seat.

[0045] The image conversion processing of converting the Fig. 3(1) captured image into the Fig. 3(2) corrected image
is performed by, for example, distortion correction, in which cylindrical projection is performed, and image conversion
processing on the basis of the camera depression angle and camera lens distortion information.

[0046] An example of mapping processing in image conversion, that is, pixel position mapping processing executed
at the time when the Fig. 3(1) captured image is converted into the Fig. 3(2) corrected image will be described with
reference to Figs. 3(a1) and 3(a2).

[0047] Fig. 3(a1) is an image before image conversion. Which position (pixel position)(H, V) on the image any point
in three-dimensional space, for example, any point (x, y, z) in world coordinates is placed at can be uniquely determined
on the basis of a camera position (X, Y, Z), an optical axis orientation (yaw, pitch, roll), lens distortion data, and sensor
size information.

[0048] Fig. 3(a2) is an example of an image after the image of Fig. 3(a1) is converted. The image in Fig. 3(a2) is
generated by performing viewpoint conversion so that the direction parallel to the road surface, thatis, the virtual viewpoint
direction in Fig. 1 is adopted, and performing image conversion of cylindrically projecting the captured image.

[0049] The image conversion can be executed by using mapping data (corrected image generation mapping data),
which is corresponding pixel position registration data obtained by registering a pixel position P1 (H1, V1) of an image
after conversion (corrected image) corresponding to a pixel position PO (HO, VO) of animage before conversion (captured
image).

[0050] Note that, in each image, each pixel position is expressed by coordinates (H. V), where the upper left end of
the image is defined as (H, V) = (0, 0), the horizontal right direction is defined as an H axis, and the vertical downward
direction is defined as a V axis.

[0051] Using mapping data allows the pixel position P1 (H1, V1) on the image after conversion to be calculated from
the pixel position PO (HO, VVO) on the image before conversion.

[0052] Furthermore, in reverse, the pixel position PO (HO, VO) on the image before conversion can be calculated from
the pixel position P1 (H1, V1) on the image after conversion.

[0053] Moreover, using the later-described object distance calculation image (overhead image) allows a position of
three-dimensional space in the real world, that is, a position (x, y, z) in the world coordinates or the object distance
(distance from a camera (vehicle) to an object (subject)) to be calculated.

[0054] In this way, using the corrected image generation mapping data, which is correspondence data of a pixel
position before conversion of an image and a pixel position after conversion of the image, allows an image captured
with a wide-angle lens to be converted into a usual camera captured image (corrected image (converted image)) seen
from a predetermined viewpoint direction (virtual viewpoint direction in Fig. 1).

[0055] Onlyinacase where the camera 11 is installed ata normal attachment position and a normal attachment angle,
however, a normal corrected image can be obtained by using the corrected image generation mapping data. For example,
in a case where the camera 11 is not installed at a normal attachment angle, conversion to a usual camera captured
image seen from a predetermined viewpoint direction (virtual viewpoint direction in Fig. 1) cannot be performed even if
pixel position conversion using preliminarily generated mapping data is performed.

[0056] Fig. 4 illustrates, side by side, a corrected image of an image captured with a normally attached camera and
a corrected image of an image captured with a camera with a deviated attachment angle.

[0057] Here, (a) is a corrected image of an image captured with a normally attached camera, and (b) is a corrected
image of an image captured with a camera with a deviated attachment angle.

[0058] In (a), the camera 11 is attached at a preset normal camera depression angle (angle formed by the virtual
viewpoint direction and the optical axis). That is, attachment is performed such that the camera depression angle = 0 is
established.

[0059] Incontrast, the camera depression angle = 6 + A6 is established in the camera 11 of (b). The camera depression
angle deviates from the specified angle (8) by A8. That is, the camera optical axis is set below the normal attachment
angle by A®.

[0060] If the attachment angle of the camera 11 deviates in this way, the display positions of the same body on images
are different from each other, which results in change of an object display position and a display aspect in a corrected
image generated by using the same corrected image generation mapping data.

[0061] As can be understood by comparing the two corrected images (a) and (b) in Fig. 4, vertical poles are vertically
displayed on the corrected image in (a), whereas the vertical poles are displayed with an inclination as the vertical poles
separate from the center of the image to the right and left in (b).

[0062] This is caused by image conversion using the same corrected image generation mapping data. That is, this is
caused by using one piece of corrected image generation mapping data for converting an image captured with a camera
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with a normal attachment angle.
[2. Processing Executed by Image Processing Apparatus of Present Disclosure]

[0063] Next, processing executed by the image processing apparatus of the present disclosure will be described with
reference to Fig. 5 and subsequent figures.

[0064] The image processing apparatus of the present disclosure allows calculation of an accurate distance to a
subject (object distance) even if an image is captured with a camera with an abnormal attachment angle.

[0065] As described above with reference to Fig. 4, the vertical poles are displayed with an inclination as the vertical
poles separate from the center of the image to the right and left in the corrected image of an image captured with a
camera with a deviated attachment angle, that is, the corrected image in Fig. 4(b).

[0066] The image processing apparatus of the present disclosure detects an inclination (a) in a corrected image of
an object vertical to the road surface, and calculates a deviation angle (A8) of the camera depression angle on the basis
of the inclination (o).

[0067] Moreover, anobject distance calculation image (overhead image) for calculating a subject position and a subject
distance is generated in consideration of the calculated deviation angle (A6) of the camera depression angle. The subject
distance (object distance) is calculated by using the generated object distance calculation image (overhead image).
[0068] The processing allows calculation of a correct subject distance even from an image captured with a camera
attached with a deviation from a specified camera depression angle (6).

[0069] Hereinafter, a specific example of the processing executed by the image processing apparatus of the present
disclosure will be described in the order of the following items.

(1) Processing of Calculating Deviation Angle (A6) of Camera Depression Angle
(2) Processing of Calculating Subject Distance (Object Distance) in Consideration of Deviation Angle (A8) of Camera
Depression Angle

[2-(1) Processing of Calculating Deviation Angle (A6) of Camera Depression Angle]

[0070] First, processing of calculating a deviation angle (A0) of a camera depression angle will be described.

[0071] Aninclination generated in a corrected image of an image captured with a camera with a deviated attachment
angle (camera depression angle (0)), that is, the inclination of a vertical object such as the vertical pole 30 vertically
standing on a road surface in the real world will be described with reference to Fig. 5.

[0072] As described above with reference to Fig. 4, if an image captured with a camera with the camera depression
angle = 6 + AB, which is not the specified angle (8), is converted by using mapping data for an image captured with a
camera with the camera depression angle = 0, the converted image (corrected image) is not a right corrected image as
seen from the scheduled viewpoint direction (virtual viewpoint direction in Fig. 1).

[0073] Forexample, avertical object in the real world is displayed in an inclined manner as the vertical object separates
from the center position of an image in the right-and-left direction to the right and left.

[0074] For example, in the example in Fig. 5, distances (h1 to h4) from the center position of the image in the right-
and-left direction and inclinations (a1 to a4) of four vertical poles 31 to 34 have the following relation.

[0075] The distances (h1 to h4) of the four vertical poles 31 to 34 from the center position of the image in the right-
and-left direction have the following relation.

hl < h2 < h3 < h4

[0076] In the case, the inclinations (a1 to a4) of the four vertical poles 31 to 34 have the following relation.

ol < o2 < o3 < o4d

[0077] Inthe way, a vertical object vertically standing on a road surface in the real world has aninclination that increases
as the vertical object separates from the center position of the corrected image in the right-and-left direction to the right
and left.

[0078] As illustrated in Fig. 6, the ratio (a/ha) of the distance = ha from the center position of the corrected image in
the right-and-left direction to an inclination a of the vertical object is indicated by (Expression 1) below.
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o/ha = omax/hmax... (Expression 1)

[0079] In (Expression 1) above, hmax represents a distance from the center position of the corrected image in the
right-and-left direction to a right or left image end, and amax represents an inclination of the vertical object in the real
world at the right and left image ends.

[0080] In this way, in a case where an image captured with a camera with a camera depression angle deviation (A6)
of the camera depression angle = 6 + A6 is converted by using corrected image generation mapping data for a camera
with a normal attachment angle of the camera depression angle = 9, the vertical object comes to have an inclination (o)
in accordance with the camera depression angle deviation (A6).

[0081] In acase where the aspect ratio (vertical/horizontal) of a corrected image generated by the conversion process-
ing is defined as A, the relation between the camera depression angle deviation (A0), the aspect ratio (vertical/horizontal)
A of the corrected image, and the inclination amax of a vertical object in the real world at a right or left image end of the
corrected image is indicated by (Expression 2) below.

AB = A x amax... (ExXpression 2)

[0082] The following relational expression of (Expression 3) can be obtained on the basis of (Expression 2) above
and (Expression 1) described above.

AG = A x o x hmax/ha... (Expression 3)

[0083] As illustrated in (Expression 3) above, the camera depression angle deviation (A6) can be calculated by using
the values of the aspect ratio (vertical/horizontal) A of a corrected image, a distance hmax from the center position of
the corrected image in the right-and-left direction to a right or left image end, and the inclination o of a vertical object an
optional distance ha away from the center position of the corrected image in the right-and-left direction.

[0084] In this way, if an object vertically standing on a road surface of a captured area of a camera, for example, a
pole, a sign, and a person can be detected, the distance ha from the center position of the corrected image in the right-
and-left direction to the object and the inclination o of the object can be determined from the image, and the camera
depression angle deviation (A8) can be calculated by using (Expression 3) above.

[0085] Note that, ina case where a plurality of (n) vertical objects is detected in a camera captured image, and individual
inclinations (a1 to an) are detected for the vertical objects (1 to n), processing of calculating n camera depression angle
deviations (A81 to A6n) in accordance with (Expression 3) above on the basis of the inclinations (a1 to an) for separate
objects, calculating the average or the intermediate value of the n calculated value, and defining the calculated value
as the camera depression angle deviation (A8) may be performed.

[2-(2) Processing of Calculating Subject Distance (Object Distance) in Consideration of Deviation Angle (A8) of Camera
Depression Angle]

[0086] Next, processing of calculating a subject distance (object distance) in consideration of a deviation angle (A6)
of a camera depression angle will be described.
[0087] The following three types of processing examples will be described as specific examples of processing of
calculating a subject distance (object distance).

(A) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with Normal
Camera Depression Angle (0)

(B1) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with Camera
Depression Angle (6 + AB) with Attachment Error (Example of Inaccurate Distance Calculation)

(B2) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with Camera
Depression Angle (6 + AB) with Attachment Error (Example of Accurate Distance Calculation)

[0088] Note that the image processing apparatus of the present disclosure executes the above-described processing
of (A) and (B2). That is, both in a case where a camera is attached at the normal camera depression angle (6) and in a
case where the camera is attached at the camera depression angle (6 + A8) with an attachment error, the subject distance
can be correctly calculated.
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(2-(2)-(A) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with Normal
Camera Depression Angle (0))

[0089] First, an example of processing of calculating an object distance by using an image captured with a camera
with the normal camera depression angle (0) will be described with reference to Fig. 7.

[0090] Thatis, an example of processing of calculating an object distance by using a corrected image will be described.
The corrected image is generated by processing of converting an image captured with a normally attached camera.
[0091] Here, (1) captured image in Fig. 7 is obtained by a camera attached so as to have a preset normal camera
depression angle (angle formed by virtual viewpoint direction and optical axis), that is, the camera depression angle = 6.
[0092] In contrast to the captured image of (1), a (2) corrected image is generated by using the above-described
corrected image generation mapping data, that is, corrected image generation mapping data, which has been generated
for converting an image captured with a camera attached at a normal attachment angle.

[0093] The corrected image is obtained by conversion into a normal camera captured image (corrected image (con-
verted image)) seen from a predetermined viewpoint direction (virtual viewpoint direction in Fig. 1).

[0094] Fig. 7(3)is an object distance calculation image. Fig. 7(3) is an overhead image observed from a position further
above the attachment position of the camera 11 of the vehicle 10 in Fig. 1 to the diagonally downward direction in the
rear of the vehicle. In contrast to the captured image of Fig. 7(1), the overhead image can be generated by using mapping
data for generating an overhead image, that is, overhead image generation mapping data, which has been generated
for converting an image captured with a camera attached at a normal attachment angle.

[0095] The object distance is calculated by using these three images. Here, an example of calculating the distance to
one vertical pole 81 in the Fig. 7(2) corrected image will be described.

[0096] The pixel position of the intersection of one vertical pole 81 and a road surface in the Fig. 7(2) corrected image,
that is, the pixel position in the corrected image is defined as (Ha, Va).

[0097] The coordinates (HO, VO) indicating a corresponding pixel position in the captured image can be determined
with reference to the corrected image generation mapping data. The mapping data is a map in which corresponding
pixel positions of the captured image in Fig. 7(1) and the corrected image in Fig. 7(2) are registered.

[0098] Moreover, a corresponding pixel position (Hb, Vb) of the object distance calculation image (overhead image)
in Fig. 7(3) of the coordinates (HO, V0) indicating a pixel position in the captured image can be obtained with reference
to overhead image generation mapping data. The mapping data is a map in which corresponding pixel positions of the
captured image in Fig. 7(1) and the object distance calculation image (overhead image) in Fig. 7(3) are registered.
[0099] The corresponding pixel position (Hb, Vb) of the object distance calculation image (overhead image) is the
pixel position of the intersection of one vertical pole 81 and the road surface in the Fig. 7(2) corrected image, that is, the
corresponding pixel position of the pixel position (Ha, Va) in the corrected image.

[0100] The object distance calculation image (overhead image) in Fig. 7(3) is a converted image obtained by equally
scaling the road surface, that is, an overhead image reflecting positions in the real world, so that coordinates indicating
a position in the real world can be determined from the pixel position (Hb, Vb) of the object distance calculation image
(overhead image). In the example, the intersection of the vertical pole 81 and the road surface is located at the position
of 3 m to the left side and 3 m to the depth side from the camera.

[0101] Assuming that the camera 11 is located at the central position of the rear surface of the vehicle 10, it can be
analyzed that the vertical pole 81 is an object vertically standing at the position of 3 m behind the vehicle and 3 m left
from the center of the vehicle width.

(2-(2)-(B1) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with Camera
Depression Angle (6 + AB) with Attachment Error (Example of Inaccurate Distance Calculation)]

[0102] Next, an example of processing of calculating an object distance by using an image captured with a camera
with a camera depression angle (6 + A0) with an attachment error (example of inaccurate distance calculation) will be
described.

[0103] Note that the image processing apparatus of the present disclosure does not execute the processing. Prior to
description of processing executed by the image processing apparatus of the present disclosure, an example in which
an accurate distance cannot be calculated in processing of calculating an object distance by using an image captured
with a camera with the camera depression angle (6 + AB8) with an attachment error will be described.

[0104] In the example of object distance analysis processing described with reference to Fig. 7, an image captured
with a camera correctly attached at a prespecified camera depression angle = 0 is used.

[0105] An example in which a correct distance cannot be calculated will be described with reference to Fig. 8. In the
example, a camera is not correctly attached at the prespecified camera depression angle = 6, that is, the object distance
is calculated by using an image captured with a camera attached with a camera depression angle deviation (A6).
[0106] Here, a(1)capturedimage in Fig. 8 is obtained by a camera attached with a camera depression angle deviation
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(A®), which is different from a preset normal camera depression angle (angle formed by a virtual viewpoint direction and
an optical axis), that is, the camera depression angle = 6, that is a camera with the camera depression angle = 6 + Af.
[0107] In contrast to the captured image of (1), a Fig. 8(2) corrected image is generated by using the above-described
corrected image generation mapping data, that is, corrected image generation mapping data, which has been generated
for converting an image captured with a camera attached at a normal attachment angle.

[0108] The corrected image is obtained by conversion into a normal camera captured image (corrected image (con-
verted image)) seen from a predetermined viewpoint direction (virtual viewpoint direction in Fig. 1).

[0109] The captured image of Fig. 8(1) is captured with a camera having the camera depression angle deviation (A9),
which is different from the normal camera depression angle = 6, that is, the camera depression angle = 6 + A6. Conse-
quently, if the corrected image generation mapping data for an image captured with a camera with a normal attachment
angle is used, correct conversion is not performed. As a result, vertical poles in the Fig. 8(2) corrected image are displayed
such that the inclinations increase as the vertical poles separate from the center of the image in the right-and-left direction
to right-and-left directions of the image.

[0110] Fig. 8(3)is an object distance calculation image. Fig. 8(3) is an overhead image observed from a position further
above the attachment position of the camera 11 of the vehicle 10 in Fig. 1 to the diagonally downward direction in the
rear of the vehicle. The overhead image is also generated by using overhead image generation mapping data for
generating an overhead image from an image captured with a camera attached at the normal attachment angle (camera
depression angle = 0). That is, in the overhead image in Fig. 8(3), the deviation (A8) of the camera depression angle is
not considered.

[0111] If the object distance is calculated by using the three images, the correct object distance cannot be calculated.
[0112] In a manner similar to that in Fig. 7, an example of calculating a distance to one vertical pole 81 in the Fig. 8(2)
corrected image will be described.

[0113] The pixel position of the intersection of one vertical pole 81 and a road surface in the Fig. 8(2) corrected image,
that is, the pixel position in the corrected image is defined as (Ha2, Va2).

[0114] Coordinates (H02, V02) indicating the corresponding pixel position in the captured image can be determined
with reference to the corrected image generation mapping data.

[0115] Moreover, a corresponding pixel position (Hb2, Vb2) of the object distance calculation image (overhead image)
in Fig. 8(3) of the coordinates (H02, V02) indicating a pixel position in the captured image can be obtained with reference
to overhead image generation mapping data. The mapping data is a map in which corresponding pixel positions of the
captured image in Fig. 8(1) and the object distance calculation image (overhead image) in Fig. 8(3) are registered.
[0116] Note, however, that the overhead image generation mapping data used here is overhead image generation
mapping data for generating an overhead image from an image captured with a camera attached atthe normal attachment
angle (camera depression angle = 6).

[0117] Consequently, the corresponding pixel position (Hb2, Vb2) of the object distance calculation image (overhead
image) does not indicate the actual correct object distance.

[0118] The corresponding pixel position (Hb2, Vb2) of the object distance calculation image (overhead image) in Fig.
8(3) is located at the position of 4 m to the left side and 4 m to the depth side from the camera. This is different from the
actual position of the vertical pole 81. That s, this is different from the position of 3 m to the left side and 3 m to the depth
side from the camera described above with reference to Fig. 7. A distance measurement deviation of 1 m in width and
1m in depth is generated.

[0119] This is because the camera is not attached correctly at the prespecified camera depression angle = 6.

(2-(2)-(B2) Example of Processing of Calculating Object Distance by Using Image Captured with Camera with Camera
Depression Angle (6 + AB) with Attachment Error (Example of Accurate Distance Calculation)]

[0120] Next, an example of processing of calculating an object distance by using an image captured with a camera
with a camera depression angle (6 + A0) with an attachment error (example of accurate distance calculation) will be
described.

[0121] A processing example, in which correct object distance calculation processing can be performed without gen-
erating a distance deviation even in a case where a camera is not attached correctly atthe prespecified camera depression
angle = 0, will be described with reference to Fig. 9.

[0122] In a manner similar to that in Fig. 8, Fig. 9 illustrates a processing example in a case where a camera is not
attached correctly at the prespecified camera depression angle = 9, that is, in a case where an image captured with a
camera attached with the camera depression angle deviation (A8) is used.

[0123] In a manner similar to the captured image of Fig. 8(1), a (1) captured image in Fig. 9 is obtained by a camera
attached with a camera depression angle deviation (A8), which is different from a preset normal camera depression
angle (angle formed by a virtual viewpoint direction and an optical axis), that is, the camera depression angle = 0, that
is a camera with the camera depression angle = 6 + A6.
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[0124] A Fig. 9(2) corrected image is similar to the corrected image of Fig. 8(2). That is, in contrast to the captured
image of Fig. 9(1), the corrected image is generated by using the above-described corrected image generation mapping
data, that is, corrected image generation mapping data, which has been generated for converting an image captured
with a camera attached at a normal attachment angle.

[0125] The corrected image is obtained by conversion into a normal camera captured image (corrected image (con-
verted image)) seen from a predetermined viewpoint direction (virtual viewpoint direction in Fig. 1).

[0126] The captured image in Fig. 9(1) is captured with a camera with the camera depression angle deviation (A9),
which is different from the normal camera depression angle = 6, that is, the camera depression angle = 6 + A6. Conse-
quently, if the corrected image generation mapping data for an image captured with a camera at a normal attachment
angle is used, correct conversion is not performed. As a result, vertical poles in the Fig. 9(2) corrected image are displayed
such that the inclinations increase as the vertical poles separate from the center of the image in the right-and-left direction
to right-and-left directions of the image.

[0127] Fig. 9(3)is an object distance calculation image. Fig. 9(3) is an overhead image observed from a position further
above the attachment position of the camera 11 of the vehicle 10 in Fig. 1 to the diagonally downward direction in the
rear of the vehicle. The overhead image is also generated by using overhead image generation mapping data for
generating an overhead image from an image captured with a camera attached at the normal attachment angle (camera
depression angle = 0). That is, the overhead image in Fig. 9(3) is generated in consideration of the deviation (A0) of the
camera depression angle.

[0128] If the object distance is calculated by using the three images, the correct object distance can be calculated.
[0129] That is, the correct object distance can be calculated by generating the object distance calculation image in
Fig. 9(3) in consideration of the deviation (A0) of the camera depression angle and calculating the object distance by
using the image.

[0130] In a manner similar to those in Figs. 7 and 8, an example of calculating a distance to one vertical pole 81 in
the Fig. 9(2) corrected image will be described.

[0131] The pixel position of the intersection of one vertical pole 81 and a road surface in the Fig. 9(2) corrected image,
that is, the pixel position in the corrected image is defined as (Ha3, Va3).

[0132] Coordinates (H03, V03) indicating the corresponding pixel position in the captured image can be determined
with reference to the corrected image generation mapping data.

[0133] Moreover, a corresponding pixel position (Hb3, Vb3) of the object distance calculation image (overhead image)
in Fig. 9(3) of the coordinates (H03, V03) indicating a pixel position in the captured image can be obtained with reference
to overhead image generation mapping data. The mapping data is a map in which corresponding pixel positions of the
captured image in Fig. 9(1) and the object distance calculation image (overhead image) in Fig. 9(3) are registered.
[0134] The overhead image generation mapping data used here is not overhead image generation mapping data for
generating an overhead image from an image captured with a camera attached at the normal attachment angle (camera
depression angle = 8). The overhead image generation mapping data used here is overhead image generation mapping
data in consideration of the camera depression angle deviation (A8) of an actual camera that has captured the Fig. 9(1)
captured image. Thatis, the overhead image generation mapping data used here is overhead image generation mapping
data for generating an overhead image from an image captured with a camera attached at the camera depression angle
=0+ Ab.

[0135] The corresponding pixel positions of the captured image in Fig. 9(1) and the object distance calculation image
(overhead image) in Fig. 9(3) are calculated by using the overhead image generation mapping data in consideration of
the camera depression angle deviation (A0) of the actual camera that has captured the Fig. 9(1) captured image to
generate the object distance calculation image (overhead image) in Fig. 9(3).

[0136] As aresult, the corresponding pixel position (Hb3, Vb3) of the coordinates (H03, V03) in the Fig. 9(1) captured
image in the object distance calculation image (overhead image) in Fig. 9(3) indicates an actual correct object distance.
[0137] The corresponding pixel position (Hb3, Vb3) of the object distance calculation image (overhead image) in Fig.
9(3) indicates the position of 3 m to the left side and 3 m to the depth side from the camera. This corresponds to the
actual position of the vertical pole 81. That is, this is the correct object distance that matches the position of 3 m to the
left side and 3 m to the depth side from the camera described above with reference to Fig. 7.

[0138] In this way, the correct object distance can be calculated by generating the object distance calculation image
in Fig. 9(3) in consideration of the deviation (A6) of the camera depression angle and calculating the object distance by
using the image.

[3. Configuration of Image Processing Apparatus of Present Disclosure and Image Processing Sequence]
[0139] Next, the configuration of an image processing apparatus of the present disclosure and an image processing

sequence will be described.
[0140] First, the configuration of the image processing apparatus of the present disclosure will be described with
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reference to Fig. 10.

[0141] Fig. 10 is a block diagram illustrating one configuration example of an image processing apparatus 100 of the
present disclosure.

[0142] As illustrated in Fig. 10, the image processing apparatus 100 of the present disclosure includes an imaging
unit (camera) 101, a corrected image generation unit 102, a vertical object inclination calculation unit 103, a camera
depression angle deviation calculation unit 104, an object distance calculation image generation unit 105, and an object
distance calculation unit 106.

[0143] Note thatitis not essential that the imaging unit (camera) 101 is a component of the image processing apparatus
100. The image processing apparatus 100 is not required to include the imaging unit (camera) 101. The image processing
apparatus 100 may process an image input from the outside.

[0144] Hereinafter, processing executed by each component of the image processing apparatus 100 in Fig. 1 will be
described.

[0145] The imaging unit (camera) 101 captures an image. The imaging unit (camera) 101 corresponds to the camera
11 mounted on the vehicle 10 in Fig. 1.

[0146] The imaging unit (camera) 101 is a camera including a wide-angle lens such as a fisheye lens.

[0147] A captured image of the imaging unit (camera) 101 is input to the corrected image generation unit 102.
[0148] The corrected image generation unit 102 performs correction processing on the captured image of the imaging
unit (camera) 101 to generate a corrected image.

[0149] Specifically, a corrected image is generated by executing distortion correction and viewpoint conversion on the
captured image of the imaging unit (camera) 101.

[0150] This is processing of generating the (2) corrected image from the (1) captured image described above with
reference to Figs. 7 to 9.

[0151] As described above, the image conversion processing of conversion from the (1) captured image to the (2)
corrected image is performed by, for example, distortion correction, in which cylindrical projection is performed, and
image conversion processing on the basis of the camera depression angle and camera lens distortion information. As
specific processing, a corrected image is generated by mapping processing for corresponding pixel positions.

[0152] That s, the corrected image is generated by using mapping data (corrected image generation mapping data),
which is corresponding pixel position registration data obtained by registering a pixel position P1 (H1, V1) of an image
after conversion (corrected image) corresponding to a pixel position PO (HO, VO) of animage before conversion (captured
image).

[0153] Note that the corrected image generation mapping data used here is mapping data for a camera captured
image of a camera that is set at the correct camera depression angle = 6 and correctly attached as specified, and
preliminarily stored in a storage unit of the image processing apparatus 100.

[0154] The viewpoint conversion is performed on a corrected image generated by the corrected image generation unit
102 such that a viewpoint direction corresponds to a direction parallel to a road surface, that is, the virtual viewpoint
direction in Fig. 1. The corrected image is displayed on a monitor of a driver seat.

[0155] The corrected image generated by the corrected image generation unit 102 is input to the vertical object
inclination calculation unit 103.

[0156] The vertical object inclination calculation unit 103 extracts a vertical object vertically standing on a road surface
in the real world from the corrected image generated by the corrected image generation unit 102, and calculates the
inclination (o) of the vertical object.

[0157] Note that the vertical object vertically standing on a road surface in the real world can be selected from various
subjects, for example, signs, signals, utility poles, other poles, and people on a road.

[0158] The vertical object inclination calculation unit 103 calculates the inclination (o) of the vertical object in the
corrected image generation unit 102.

[0159] As described above, in a case where an image captured with a camera with a camera depression angle of the
specified angle (0) is converted by using corrected image generation mapping data for an image captured with a camera
with the camera depression angle = 0, the vertical object in the real world is vertically displayed in the corrected image.
[0160] In a case where an image captured with a camera with a camera depression angle = 6 + A6, which is not the
specified angle (), is converted by using mapping data for an image captured with a camera with the camera depression
angle = 6, however, the vertical object in the real world is displayed in a more inclined manner as the vertical object
separates from the center position of the image in the right-and-left direction to the right and left.

[0161] The vertical object inclination calculation unit 103 extracts a vertical object vertically standing on a road surface
in the real world from the corrected image generated by the corrected image generation unit 102, and calculates the
inclination (o) of the vertical object.

[0162] The inclination (o) of the vertical object calculated by the vertical object inclination calculation unit 103 is input
to the camera depression angle deviation calculation unit 104.

[0163] The camera depression angle deviation calculation unit 104 calculates the deviation angle (A0) from the refer-
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ence angle (0) of the depression angle of the imaging unit (camera) 101 by using the inclination (a) of the vertical object
calculated by the vertical object inclination calculation unit 103.

[0164] The camera depression angle deviation calculation unit 104 calculates the deviation angle (A0) of the camera
depression angle of the imaging unit (camera) 101 in accordance with (Expression 3) below described above.

AG = A x o x hmax/ha... (Expression 3)

[0165] In(Expression 3)above, A represents the aspectratio (vertical/horizontal) of a corrected image, hmaxrepresents
the distance (image length or pixel number) from the center position of the corrected image in the right-and-left direction
to a right or left image end, o represents the inclination of a vertical object, and ha represents the distance ha (image
length or pixel number) from the center position of the corrected image in the right-and-left direction of the vertical object.
[0166] Note that, as described above, in a case where a plurality of (n) vertical objects is detected in a camera captured
image, and individual inclinations (a1 to an) are detected for the vertical objects (1 to n), processing of calculating n
camera depression angle deviations (A81 to A6n) in accordance with (Expression 3) above on the basis of the inclinations
(a1 to an) for separate objects, calculating the average or the intermediate value of the n calculated value, and defining
the calculated value as the camera depression angle deviation (A8) may be performed.

[0167] Note that,inacase where the imagingunit (camera) 101 is normally attached at the specified camera depression
angle (0), the camera depression angle deviation (A0) calculated by the camera depression angle deviation calculation
unit 104 is 0, that is, AO = 0 is established.

[0168] The camera depression angle deviation (A) calculated by the camera depression angle deviation calculation
unit 104 is input to the object distance calculation image (overhead image) generation unit 105.

[0169] The object distance calculation image (overhead image) generation unit 105 generates an object distance
calculation image (overhead image) in consideration of the deviation angle (A8) of the camera depression angle calculated
by the camera depression angle deviation calculation unit 104.

[0170] The processing corresponds to, for example, the processing of generating an object distance calculation image
(overhead image) in Fig. 9(3) described above with reference to Fig. 9.

[0171] The object distance calculation image (overhead image) generation unit 105 generates an object distance
calculation image (overhead image) by using the overhead image generation mapping data.

[0172] Inthe overhead image generation mapping data used here, the camera depression angle deviation (A0) of the
imaging unit (camera) 101 is considered. That is, the overhead image generation mapping data used here is overhead
image generation mapping data for generating an overhead image from an image captured with a camera attached at
the camera depression angle = 0 + A®.

[0173] Note that, in a case where the camera depression angle deviation A6=0 is calculated by the camera depression
angle deviation calculation unit 104, that is, the imaging unit (camera) 101 is normally attached at the specified camera
depression angle (0), the deviation angle of the camera depression angle input from the camera depression angle
deviation calculation unit 104: A6 = 0 is established.

[0174] In the case, the object distance calculation image (overhead image) generation unit 105 generates an object
distance calculation image (overhead image) by using overhead image generation mapping data for generating an
overhead image from an image captured with a camera attached at the normal attachment angle (camera depression
angle = 0).

[0175] The object distance calculation image (overhead image) corresponds to the object distance calculation image
(overhead image) described above with reference to Fig. 7(3).

[0176] Note that the overhead image generation mapping data is preliminarily stored in the storage unit of the image
processing apparatus 100. For example, a plurality of pieces of data corresponding to the camera depression angle
deviation A6 in a predetermined range is stored. Specifically, for example, a plurality of pieces of mapping data in the
range of AG = -5° + 5° is stored in the storage unit.

[0177] Alternatively, a configuration in which the storage unit stores only one piece of A6 = 0 mapping data and a
parameter for converting the mapping data into mapping data in the range of A6 = -5° + 5° may be adopted.

[0178] In the way, the object distance calculation image (overhead image) generation unit 105 selectively executes
any of the following two types of processing.

[0179] (Processing 1) In a case where the camera depression angle deviation calculated by the camera depression
angle deviation calculation unit 104 A6 = 0 is established, an object distance calculation image (overhead image) is
generated by using overhead image generation mapping data for generating an overhead image from an image captured
with a camera attached at the normal attachment angle (camera depression angle = 6).

[0180] (Processing 2) In a case where the camera depression angle deviation calculated by the camera depression
angle deviation calculation unit 104 A6 = O is established, an object distance calculation image (overhead image) is
generated by using overhead image generation mapping data in consideration of the camera depression angle deviation
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(A0) of the imaging unit (camera) 101.

[0181] (Processing 1) above corresponds to the processing described above with reference to Fig. 7, and (Processing
2) corresponds to the processing described with reference to Fig. 9.

[0182] The object distance calculation image (overhead image) generated by the object distance calculation image
(overhead image) generation unit 105 is input to the object distance calculation unit 106.

[0183] The object distance calculation unit 106 calculates the distances of various subjects (objects) included in an
image captured with the imaging unit (camera) 101 by using the object distance calculation image (overhead image)
generated by the object distance calculation image (overhead image) generation unit 105.

[0184] As described above with reference to, for example, Fig. 7, the object distance calculation image (overhead
image) is a converted image obtained by equally scaling the road surface, so that coordinates indicating a position in
the real world can be determined from the pixel position of the object distance calculation image (overhead image). The
distance from the camera (= vehicle), that is, the subject distance (object distance) can be calculated from the coordinates
indicating a position in the real world.

[0185] Next,image processing executed by the image processing apparatus 100 of the present disclosure, specifically,
a calculation sequence of a subject distance based on a camera captured image will be described with reference to the
flowchart in Fig. 11.

[0186] Note that the processing in accordance with the flowchart in Fig. 11 can be executed under the control of a
data processing unit including, for example, a CPU having a program execution function in accordance with a program
stored in the storage unit of the image processing apparatus.

[0187] The processing of each step of the flow in Fig. 11 will be sequentially described below.

(Step S101)

[0188] First, in Step S101, the imaging unit (camera) 101 captures an image. The imaging unit (camera) 101 corre-
sponding to the camera 11 mounted on the vehicle 10 in Fig. 1 captures an image.

[0189] Note that the imaging unit (camera) 101 is a camera including a wide-angle lens such as a fisheye lens, and
captures images in Figs. 7(1) and 9(1), for example.

(Step S102)

[0190] Next, in Step S102, image conversion processing (correction processing) is executed on the image captured
by the imaging unit (camera) 101 in Step S101 to generate a corrected image.

[0191] The corrected image generation unit 102 in Fig. 10 executes the processing.

[0192] The corrected image generation unit 102 generates a corrected image obtained by executing distortion cor-
rection and viewpoint conversion on the captured image of the imaging unit (camera) 101. Specifically, the corrected
image is generated by using mapping data (corrected image generation mapping data), which is corresponding pixel
position registration data obtained by registering a pixel position P1 (H1, V1) of an image after conversion (corrected
image) corresponding to a pixel position PO (HO, VO) of an image before conversion (captured image).

[0193] Note that the corrected image generation mapping data used here is mapping data for a camera captured
image of a camera that is set at the correct camera depression angle = 6 and correctly attached as specified.

[0194] The corrected image generated in Step S102 is obtained by performing viewpoint conversion such that a
viewpoint direction corresponds to a direction parallel to a road surface, that is, the virtual viewpoint direction in Fig. 1.
The corrected image is displayed on a monitor of a driver seat.

(Step S103)

[0195] Next, in Step S103, a vertical object vertically standing on a road surface in the real world is extracted from the
corrected image generated in S102, and the inclination (o) of the vertical object is calculated. The vertical object can be
selected from various subjects, for example, signs, signals, utility poles, other poles, and people on a road.

[0196] As described above, in a case where an image captured with a camera with a camera depression angle of the
specified angle (0) is converted by using corrected image generation mapping data for an image captured with a camera
with the camera depression angle = 0, the vertical object in the real world is vertically displayed in the corrected image.
[0197] In a case where an image captured with a camera with a camera depression angle = 6 + A6, which is not the
specified angle (), is converted by using mapping data for an image captured with a camera with the camera depression
angle = 6, however, the vertical object in the real world is displayed in a more inclined manner as the vertical object
separates from the center position of the image in the right-and-left direction to the right and left.

[0198] In Step S103, the vertical object inclination calculation unit 103 extracts a vertical object vertically standing on
a road surface in the real world from the corrected image generated by the corrected image generation unit 102, and
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calculates the inclination (o) of the vertical object.
(Step S104)

[0199] Next, in Step S104, the deviation angle (A0) is calculated from the reference angle (6) of the depression angle
of the imaging unit (camera) 101 by using the inclination (a) of the vertical object detected in Step S103.

[0200] The camera depression angle deviation calculation unit 104 in Fig. 10 executes the processing.

[0201] The camera depression angle deviation calculation unit 104 calculates the deviation angle (A0) of the camera
depression angle of the imaging unit (camera) 101 in accordance with (Expression 3) below described above.

AG = A x o x hmax/ha... (Expression 3)

[0202] In(Expression 3)above, Arepresents the aspectratio (vertical/horizontal) of a corrected image, hmaxrepresents
the distance (image length or pixel number) from the center position of the corrected image in the right-and-left direction
to a right or left image end, o represents the inclination of a vertical object, and ha represents the distance ha (image
length or pixel number) from the center position of the corrected image in the right-and-left direction of the vertical object.
[0203] Note that, as described above, in a case where a plurality of (n) vertical objects is detected in a camera captured
image, and individual inclinations (a1 to an) are detected for the vertical objects (1 to n), processing of calculating n
camera depression angle deviations (A81 to A6n) in accordance with (Expression 3) above on the basis of the inclinations
(a1 to an) for separate objects, calculating the average or the intermediate value of the n calculated value, and defining
the calculated value as the camera depression angle deviation (A8) may be performed.

[0204] Note that,in a case where the imaging unit (camera) 101 is normally attached at the specified camera depression
angle (0), the camera depression angle deviation (A8) calculated by the camera depression angle deviation calculation
unit 104 is 0, that is, AO = 0 is established.

(Step S105)

[0205] The object distance calculation image (overhead image) generation unit 105 in Fig. 10 executes the processing
of Steps S105 to S107.

[0206] The object distance calculation image (overhead image) generation unit 105 generates an object distance
calculation image (overhead image) in consideration of the deviation angle (A8) of the camera depression angle calculated
by the camera depression angle deviation calculation unit 104.

[0207] First, in Step S105, the object distance calculation image (overhead image) generation unit 105 determines
whether or notthe camera depression angle deviation A6 calculated by the camera depression angle deviation calculation
unit 104 in Step S104 is equal to or less than a prespecified threshold Th.

[0208] If the camera depression angle deviation A6 is determined to be equal to or less than the prespecified threshold
Th, the processing proceeds to Step S106.

[0209] In contrast, if the camera depression angle deviation A6 is determined not to be equal to or less than the
prespecified threshold Th, the processing proceeds to Step S107.

(Step S106)

[0210] If the camera depression angle deviation A6 is determined to be equal to or less than the prespecified threshold
Th in Step S105, the processing of Step S106 is executed.

[0211] The fact that the camera depression angle deviation A6 is equal to or less than the prespecified threshold Th
means that the imaging unit (camera) 101 is attached at a substantially normal attachment angle (camera depression
angle = 0).

[0212] Inthecase,in Step S106, an object distance calculationimage (overhead image)is generated by using overhead
image generation mapping data for generating an overhead image from an image captured with a camera attached at
the normal attachment angle (camera depression angle = 6).

[0213] The processing corresponds to the processing of generating an object distance calculation image (overhead
image) in Fig. 7(3) described above with reference to Fig. 7.

(Step S107)

[0214] In contrast, if the camera depression angle deviation A6 is determined not to be equal to or less than the
prespecified threshold Th in Step S105, the processing of Step S107 is executed.
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[0215] The fact that the camera depression angle deviation A6 is not equal to or less than the prespecified threshold
Th means that the imaging unit (camera) 101 is not attached at a substantially normal attachment angle (camera
depression angle = 0).

[0216] The camera depression angle of the imaging unit (camera) 101 has a deviation (A8), and the camera depression
angle = 0 + AD is established.

[0217] In the case, in Step S107, the object distance calculation image (overhead image) is generated by using
overhead image generation mapping data in consideration of the camera depression angle deviation (A8) of the imaging
unit (camera) 101.

[0218] The processing corresponds to the processing of generating an object distance calculation image (overhead
image) in Fig. 9(3) described above with reference to Fig. 9.

(Step S108)

[0219] Finally, in Step S108, a subject distance (object distance) is calculated by using the object distance calculation
image (overhead image) generated by the object distance calculation image (overhead image) generation unit 105 in
Steps S106 and S107.

[0220] The object distance calculation unit 106 in Fig. 10 executes the processing.

[0221] In Step S108, the object distance calculation unit 106 calculates the distances of various subjects (objects)
includedin animage captured with the imaging unit (camera) 101 by using the object distance calculation image (overhead
image) generated by the object distance calculationimage (overhead image) generation unit 105 in Steps S106 and S107.
[0222] As described above, the object distance calculation image (overhead image) is a converted image obtained
by equally scaling the road surface, so that coordinates indicating a position in the real world can be determined from
the pixel position of the object distance calculation image (overhead image). The distance from the camera (= vehicle
body), that is, the subject distance (object distance) can be calculated from the coordinates indicating a position in the
real world.

[0223] As described above, the image processing apparatus of the present disclosure can accurately calculate the
distance (object distance) to a subject in both cases of an image captured with a camera with a normal attachment angle
and an image captured with a camera with an abnormal attachment angle.

[4. Hardware Configuration Example of Image Processing Apparatus of Present Disclosure]

[0224] Next, a hardware configuration example of the image processing apparatus 100 described in the above-de-
scribed embodiment will be described with reference to Fig. 12.

[0225] Fig. 12 illustrates the hardware configuration example of the image processing apparatus that executes the
processing of the present disclosure.

[0226] A central processing unit (CPU) 301 functions as a control unit and a data processing unit that execute various
pieces of processing in accordance with a program stored in a read only memory (ROM) 302 or a storage unit 308. For
example, processing is performed in accordance with the sequence described in the above-described embodiment. For
example, a program to be executed by the CPU 301 and data are stored in a random access memory (RAM) 303. These
CPU 301, ROM 302, and RAM 303 are mutually connected by a bus 304.

[0227] The CPU 301 is connected to an input/output interface 305 via the bus 304. An input unit 306 and an output
unit 307 are connected to the input/output interface 305. The input unit 306 inputs a captured image of an imaging unit
321, and includes, for example, various switches, a keyboard, a mouse, and a microphone that enable user input. The
output unit 307 outputs data to a display unit 322, a speaker, and the like. The CPU 301 executes various pieces of
processing in accordance with a command input from the input unit 306, and outputs the processing result to, for example,
the output unit 307.

[0228] The storage unit 308 connected to the input/output interface 305 includes, for example, a hard disk, and stores
a program to be executed by the CPU 301 and various pieces of data. A communication unit 309 functions as a trans-
mission/reception unit in Wi-Fi communication, Bluetooth (registered trademark)(BT) communication, and other data
communications via a network such as the Internet and a local area network, and communicates with an external
apparatus.

[0229] A drive 310 connected to the input/output interface 305 drives a removable medium 311 including a magnetic
disk, an optical disk, a magneto-optical disk, and a semiconductor memory such as a memory card. The drive 310
records or reads data.

[5. Summary of Configuration of Present Disclosure]

[0230] The embodiment of the present disclosure has been described in detail above with reference to the specific
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embodiment. Itis, however, obvious that those skilled in the art can modify or substitute the embodiment without departing
from the gist of the present disclosure. That is, the present invention has been disclosed in the form of exemplification,
and should not be limitedly interpreted. The claims should be considered in order to determine the gist of the present
disclosure.

[0231] Note that the technology disclosed in the specification can have configurations as follows.

(1) An image processing apparatus including:

a corrected image generation unit that performs distortion correction by inputting an image captured with a
camera having a wide-angle lens and generates a corrected image;

a vertical object inclination calculation unit that calculates an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit that calculates a deviation angle of a camera depression
angle of the camera on the basis of the inclination of the vertical object;

an object distance calculation image generation unit that generates an object distance calculation image in
consideration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit that calculates a distance of an object included in the image captured with
the camera with reference to the object distance calculation image.

(2) The image processing apparatus according to (1),

in which the corrected image generation unit generates the corrected image by using corrected image generation
mapping data in which a pixel position is mapped, the mapping data being used for converting an image captured
with a camera having a specified camera depression angle into an image from a prespecified viewpoint direction.
(3) The image processing apparatus according to (1) or (2),

in which the camera depression angle deviation calculation unit calculates a deviation angle from a specified angle
of a camera depression angle, which is formed by an optical-axis direction of the camera and a viewpoint direction
of the corrected image.

(4) The image processing apparatus according to any one of (1) to (3),

in which the camera depression angle deviation calculation unit calculates a deviation angle A6 of a camera de-
pression angle of the camera

A8 = A x o x hmax/ha

in accordance with an expression above by using values of:

an aspect ratio (vertical/horizontal) A of the corrected image;

a distance hmax from a center position of the corrected image in a right-and-left direction to a right or left image
end; and

an inclination o of a vertical object an optional distance ha away from the center position of the corrected image
in the right-and-left direction.

(5) The image processing apparatus according to any one of (1) to (4),

in which the camera depression angle deviation calculation unit calculates n camera depression angle deviations
(A61 to ABN) on the basis of a plurality of inclinations (a1 to an) corresponding to a plurality of (n) vertical objects in
an image captured with the camera, and calculates an average or an intermediate value of the calculated n camera
depression angle deviations (A61 to ABn) as a final camera depression angle deviation (A0).

(6) The image processing apparatus according to any one of (1) to (5),

in which the object distance calculation image generation unit generates an overhead image reflecting a position in
a real world as an object distance calculation image.

(7) The image processing apparatus according to any one of (1) to (6),

in which, in a case where the camera depression angle deviation angle of the camera is equal to or less than a
specified threshold, the object distance calculation image generation unit generates the object distance calculation
image by using overhead image generation mapping data for generating an overhead image from an image captured
with a camera attached at a normal attachment angle.

(8) The image processing apparatus according to any one of (1) to (7),

in which, in a case where the camera depression angle deviation angle of the camera is not equal to or less than a
specified threshold, the object distance calculation image generation unit generates the object distance calculation
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image by using overhead image generation mapping data in consideration of the camera depression angle deviation
of the camera.
(9) An image processing method executed in an image processing apparatus, including the steps of:

a corrected image generation unit performing distortion correction by inputting an image captured with a camera
having a wide-angle lens and generating a corrected image;

a vertical object inclination calculation unit calculating an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit calculating a deviation angle of a camera depression angle
of the camera on the basis of the inclination of the vertical object;

an object distance calculation image generation unit generating an object distance calculation image in consid-
eration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit calculating a distance of an object included in the image captured with the
camera with reference to the object distance calculation image.

(10) A program causing image processing to be executed in an image processing apparatus, the program causing:

a corrected image generation unit to perform distortion correction by inputting an image captured with a camera
having a wide-angle lens and generate a corrected image;

a vertical object inclination calculation unit to calculate an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit to calculate a deviation angle of a camera depression
angle of the camera on the basis of the inclination of the vertical object;

an object distance calculation image generation unit to generate an object distance calculation image in con-
sideration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit to calculate a distance of an object included in the image captured with the
camera with reference to the object distance calculation image.

[0232] Furthermore, a series of processing described in the specification can be executed by hardware, software, or
a combined configuration of both. In a case where the processing is executed by software, a program, in which a
processing sequence is recorded, can be executed by being installed in amemory in acomputer incorporated in dedicated
hardware or being installed in a general-purpose computer capable of executing various pieces of processing. For
example, a program can be preliminarily recorded in a recording medium. In addition to being installed in a computer
from a recording medium, a program can be received via a network such as a local area network (LAN) and the Internet,
and installed in a recording medium such as a built-in hard disk.

[0233] Note that the various pieces of processing described in the specification may be not only executed in chrono-
logical order in accordance with the description, but executed in parallel or individually in accordance with the processing
capability or needs of an apparatus that executes processing. Furthermore, a system in the specification has configuration
of a logical set of a plurality of apparatuses. The system is not limited to a system in which apparatuses having each
configuration are placed in the same housing.

INDUSTRIAL APPLICABILITY

[0234] As described above, according to the configuration of one embodiment of the present disclosure, an accurate
subject distance can be calculated on the basis of a camera captured image even in a case where the attachment angle
of a camera is deviated.

[0235] Specifically, forexample, animage captured with a camera having awide-angle lens isinput to perform distortion
correction and generate a corrected image. Moreover, the inclination of a vertical object in the real world in the corrected
image is calculated. The deviation angle of the camera depression angle of the camera is calculated on the basis of the
inclination of the vertical object. An object distance calculation image is generated in consideration of the camera de-
pression angle deviation angle. The distance of an object included in the camera captured image is calculated from the
object distance calculation image. In a case where the camera depression angle deviation angle is not equal to or less
than a prespecified threshold, the object distance calculation image is generated by using overhead image generation
mapping data in consideration of the camera depression angle deviation.

[0236] The configurations allow calculation of an accurate subject distance based on a camera captured image even
in a case where the camera attachment angle is deviated.
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REFERENCE SIGNS LIST

[0237]

10 Vehicle

11 Camera

20 Road surface

30 Vertical pole

40 Person

81 Vertical pole

100 Image processing apparatus

101 Imaging unit (camera)

102  Corrected image generation unit

103  Vertical object inclination calculation unit
104 Camera depression angle deviation calculation unit
105  Object distance calculation image generation unit
106  Object distance calculation unit

301 CPU

302 ROM

303 RAM

304 Bus

305 Input/output interface

306 Input unit

307  Output unit

308  Storage unit

309 Communication unit

310  Drive

311 Removable medium

321 Imaging unit

322  Display unit

Claims

1. Animage processing apparatus comprising:

a corrected image generation unit that performs distortion correction by inputting an image captured with a
camera having a wide-angle lens and generates a corrected image;

a vertical object inclination calculation unit that calculates an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit that calculates a deviation angle of a camera depression
angle of the camera on a basis of the inclination of the vertical object;

an object distance calculation image generation unit that generates an object distance calculation image in
consideration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit that calculates a distance of an object included in the image captured with
the camera with reference to the object distance calculation image.

The image processing apparatus according to claim 1,

wherein the corrected image generation unit generates the corrected image by using corrected image generation
mapping data in which a pixel position is mapped, the mapping data being used for converting an image captured
with a camera having a specified camera depression angle into an image from a prespecified viewpoint direction.

The image processing apparatus according to claim 1,

wherein the camera depression angle deviation calculation unit calculates a deviation angle from a specified angle
of a camera depression angle, which is formed by an optical-axis direction of the camera and a viewpoint direction
of the corrected image.

The image processing apparatus according to claim 1,
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wherein the camera depression angle deviation calculation unit calculates a deviation angle A6 of a camera depres-
sion angle of the camera

A8 = A x o x hmax/ha

in accordance with an expression above by using values of:

an aspect ratio (vertical/horizontal) A of the corrected image;

a distance hmax from a center position of the corrected image in a right-and-left direction to a right or left image
end; and

an inclination o of a vertical object an optional distance ha away from the center position of the corrected image
in the right-and-left direction.

The image processing apparatus according to claim 1,

wherein the camera depression angle deviation calculation unit calculates n camera depression angle deviations
(A61 to ABn) on a basis of a plurality of inclinations (a1 to an) corresponding to a plurality of (n) vertical objects in
an image captured with the camera, and calculates an average or an intermediate value of the calculated n camera
depression angle deviations (A61 to ABn) as a final camera depression angle deviation (A0).

The image processing apparatus according to claim 1,
wherein the object distance calculation image generation unit generates an overhead image reflecting a position in
a real world as an object distance calculation image.

The image processing apparatus according to claim 1,
wherein, in a case where the camera depression angle deviation angle of the camera is equal to or less than a
specified threshold, the object distance calculation image generation unit generates the object distance calculation
image by using overhead image generation mapping data for generating an overhead image from an image captured
with a camera attached at a normal attachment angle.

The image processing apparatus according to claim 1,

wherein, in a case where the camera depression angle deviation angle of the camera is not equal to or less than a
specified threshold, the object distance calculation image generation unit generates the object distance calculation
image by using overhead image generation mapping data in consideration of the camera depression angle deviation
of the camera.

An image processing method executed in an image processing apparatus, comprising the steps of:

a corrected image generation unit performing distortion correction by inputting an image captured with a camera
having a wide-angle lens and generating a corrected image;

a vertical object inclination calculation unit calculating an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit calculating a deviation angle of a camera depression angle
of the camera on a basis of the inclination of the vertical object;

an object distance calculation image generation unit generating an object distance calculation image in consid-
eration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit calculating a distance of an object included in the image captured with the
camera with reference to the object distance calculation image.

10. A program causing image processing to be executed in an image processing apparatus, the program causing:

a corrected image generation unit to perform distortion correction by inputting an image captured with a camera
having a wide-angle lens and generate a corrected image;

a vertical object inclination calculation unit to calculate an inclination of a vertical object in a real world in the
corrected image;

a camera depression angle deviation calculation unit to calculate a deviation angle of a camera depression
angle of the camera on a basis of the inclination of the vertical object;

an object distance calculation image generation unit to generate an object distance calculation image in con-
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sideration of a camera depression angle deviation angle of the camera; and

an object distance calculation unit to calculate a distance of an object included in the image captured with the
camera with reference to the object distance calculation image.
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